In this paper, I analyze the business cycle properties of remittances and output series for three pairs of countries: the United States-Mexico, the United States-El Salvador, and Germany-Turkey. Using an unobserved components state-space model (via the BeveridgeNelson decomposition), I decompose the remittances and output series into stochastic permanent and cyclical components. I then use the resulting stationary cyclical components to estimate co-movements between remittances and output series. Empirical results indicate that remittances are counter-cyclical with all the home countries: Mexico, El Salvador, and Turkey. With respect to source countries, remittances to Mexico are counter-cyclical with the United States business cycle, while remittances from the United States to El Salvador and remittances from Germany to Turkey are strongly pro-cyclical with output fluctuations in the source country. The contribution of this paper to the literature is twofold: (1) I use highfrequency data (quarterly) for a relatively long period of time; and (2) I employ more recent and sophisticated econometric techniques in the decomposition of the series into stochastic permanent and cyclical components. The existing literature lacks both of these important aspects of my analysis. I show that once both of these factors are incorporated into the analysis, empirical results are more aligned to those predicted by economic theory.
Introduction
Remittances are money sent by foreign workers to their home-country. In 2007, remittances reached almost $320 billion dollars worldwide [Ratha and Xu, 2008] . Roughly 75 percent of total remittances are channeled to developing economies such as India, Turkey, Mexico, Pakistan, and El Salvador. Remittances recently became a major source of income for many of these developing countries, surpassing export income and foreign direct investment. As a result, economists are devoting more attention to these money flows and to their potential economic impacts.
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From a theoretical point of view, remittances should be pro-cyclical with the source or host country (i.e. the United States or Germany). With respect to the home country, there is no straight forward prediction given that the migrant faces two opposing forces when deciding whether to remit: altruism vs. self-interest. Therefore, remittances can either be pro-or countercyclical with the recipient or home country (i.e. Mexico, El Salvador, or Turkey). Unfortunately, there are just a few studies that analyze remittance flows and business cycles. Furthermore, most of the existing research on this subject provides ambiguous and inconclusive empirical results.
In 2008, Mexico received more than $25 billion dollars in remittance income from the United States which represents 2.8 percent of Mexico's gross domestic product and about one-half of Mexico's crude oil exports. Similarly, El Salvador received close to $3.8 billion dollars in remittance income accounting for 17 percent of the national output. Turkey, on the other hand, received €820 million Euros in remittances, from its migrants in Germany, which represent roughly 2.5 percent of the Turkish economy. Mexico, El Salvador, and Turkey are ideal candidates to test whether remittances are pro-or counter-cyclical to output, in both source and home countries, not only because of the increasing importance of remittances on their individual economies, but also because we have a good historical and high-frequency dataset available. In addition, such a dataset provides the researcher with several business cycle fluctuations not only in the receiving countries, but also in the sending countries.
Most of the previous studies on remittances and business cycles concentrate on country-pairs (source and recipient) that typically do not observe a great degree of economic synchronization, such as Germany and Turkey, the United States and El Salvador, and the United States and Dominican Republic. Given the strong economic synchronization that exists between the United
States and Mexico, analyzing remittances and business cycles between these two countries will imply a more complex economic relationship. 2 For instance, currently both the United States and Mexico are experiencing economic contractions, and as a result, we should expect remittances to decline (U.S. business cycle downturn), but at the same time we might expect remittances to increase (Mexico business cycle downturn). Latest data releases show that
Mexico's remittances from the United States are declining. Therefore, it will prove useful to carefully study which force will dominate the performance of remittances.
I use an unobserved components state-space model (via the Beveridge-Nelson decomposition methodology) to decompose the remittance and output time series into stochastic trend and cyclical components. Practically all of the previous studies on this subject rely on filters (i.e.
Polynomial filter, Baxter-King filter, Hodrick-Prescott filter, Christiano-Fitzgerald filter, etc.) to extract the cyclical component out of the time series. It has been well documented in the macroeconomic business cycle literature that such filters typically do not do a good job at decomposing the series into permanent and cyclical components. There is no reason to suspect that this is not the case for the remittance and output series in other countries. This paper is organized as follows. The next section presents a brief summary of the importance of remittances to the Mexican, El Salvadorian, and Turkish economies. Section 3 summarizes the main theoretical implications of remittances and the links to the source and home country economies. Previous studies on remittances and business cycle analysis are summarized in Section 4. The econometric model is presented in Section 5. Then, Section 6 discusses the data used in the analysis. Section 7 documents the empirical results. Concluding remarks and suggestions for future research are offered in Section 8.
Economic importance of remittances to Mexico, El Salvador and Turkey
In 2008, Mexico received $25 billion in remittances from Mexican workers in the United
States, representing roughly 3 percent of Mexico's output and 135 percent of Mexico's foreign direct investment. Furthermore, remittances represent roughly 10 percent of Mexico's total exports, 60 percent of oil exports, and 12 percent of manufacturing exports (see Table 1 ). For those states in Mexico that are the main sources of migrants to the Unites States, such as Michoacán and Zacatecas, remittances represent as much as 15-20 percent of gross state product.
Therefore, remittances are not only an important source of foreign exchange but also are a crucial part of household income in certain areas of Mexico.
El Salvador is by far the country that receives the most remittances as a share of GDP. In 2008, remittances reached roughly $3.8 billion dollars and accounted for 17.1 percent of El Salvadorian output. For El Salvador, remittances have been a significant source of income since the early 1990s. For instance, in 1991, remittances accounted for almost 15 percent of GDP.
Furthermore, remittances today represent 57 percent of foreign direct investment, 83 percent of total exports, almost 200 percent of manufacturing exports, and 39 percent of total imports.
Without doubt, remittance flows to El Salvador constitute a major source of income (see Table   1 ). Table 1 ).
Given that remittances have become a major source of income for many developing countries including the ones analyzed in this paper, there is a relatively abundant and fast-growing economics literature on remittances. Most of these studies concentrate on the economic impacts that such flows have on receiving or home countries. In particular, there is a growing body of research on the impact that remittances have on schooling, poverty and inequality, and financial development, just to name a few. In the following paragraphs, I will briefly summarize such research body.
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The impact of remittances on education is of particular importance given the role remittances may play on economic development. Overall the consensus from the existing research body indicates that remittances help increase schooling levels in receiving countries. Lopez Cordova [2004] , using a cross-section of all Mexican municipalities in the year 2000, shows that an increase in the fraction of households receiving remittance income is correlated with better schooling, health indicators, and with reductions in poverty rates. Hanson and Woodruff [2003] examine the relationship between household migration behavior and educational attainment in Mexico. Their preliminary empirical findings suggest that children in migrant households complete significantly more years of schooling because sending migrants abroad may generate remittances that in turn raise household income and allow children to complete more schooling.
Contrary to Hanson and Woodruff, Borraz [2005] , employing census data, finds a positive but small effect of remittances on schooling; particularly, such impact is only for children living in cities with fewer than 2,500 inhabitants and with mothers with low level of education. Cox Edwards and Ureta [2003] find that remittances have a large and significant effect on school retention in El Salvador, particularly in poor areas. Similarly, Acosta et al [2007a] finds that 4 Please note that on while remittances tend to have a positive effect on education in eleven countries in Latin America including Mexico and El Salvador, this impact is often restricted to specific groups of the population, namely low-income households.
Another body of research regarding remittances as an economic development engine is with respect to its impact in reducing poverty and inequality. Esquivel and Huerta-Pineda [2007] investigate the effect of remittances on poverty conditions among Mexican households. Using a propensity score approach, they find that receiving remittances reduces the household's probability of being in poverty between 6.3 and 10 percentage points depending on the poverty definition used in the analysis. Mora Rivera [2005] studies the impact of migration and remittances on the distribution and sources of income in rural communities in Mexico. His main finding is that rural households invest part of their income generated from remittances in productive activities and in turn remittances decrease household's inequality. Acosta et al [2007b] use a large cross-country panel dataset for Latin American and Caribbean countries and find that remittances reduce poverty. Adams and Page [2005] examine the impact of international migration and remittances on poverty in 71 developing countries (including the countries analyzed in this paper: El Salvador, Mexico, and Turkey). They find that remittances reduce the level, depth, and severity of poverty in the developing world. In particular, their empirical results indicate that a 10 percent increase in per capita official international remittances will lead to a 3.5 percent decline in the share of people living in poverty. Orrenius et al [2009] study the impact of remittances on regional economic The altruism motive and the investment motive work against each other and perhaps can offset each other to some extent. The analysis I perform in this paper concentrates on the net effect between remittances and output in both home and host countries. Therefore, I am not able to discriminate between these two opposing forces. More importantly, in the event that both forces exactly offset each other, then remittances will be asynchronous to output in the home country. 
Previous studies on business cycles and remittances
Remittances arguably are considered to have a tendency to be pro-cyclical with the source or host country (i.e. the United States) and to be counter-cyclical with the receiving or home country (i.e. Mexico). There are just a few studies analyzing remittances and business cycles of both receiving and source countries (see Table 2 for a summary of the existing literature and main empirical results). Ratha [2003] Baxter-King [1997] filter (hereafter referred to as BK), because the symmetric filter requires the same number of lead and lag terms for every weighted moving average resulting in omitting observations both at the beginning and at the end of the sample. On the other hand, an asymmetric filter, like the CF filter, does not require this and therefore can be estimated to the extreme end points of the original sample. Further, the weights on the leads and the lags are allowed to differ depending on the data. Correlation analysis results suggest that remittance receipts to Uganda are pro-cyclical to the business cycle of that country.
India is the top remittance receiver in the world, with roughly $28 billion in remittance income in 2007. Gupta [2005] analyzes the macroeconomic factors that explain the dynamics of remittances to India. Gupta uses different economic indicators as proxy for host or source country business such as United States employment, LIBOR, and oil prices while economic conditions in India are measured by industrial production and the return on the Bombay Stock
Exchange. Simple correlation analysis point to remittances being positive correlated with United
States employment. In addition to using both the HP filter and first-differences, Gupta enhances the analysis by incorporating some econometric modeling and finds that remittances to India are positively correlated to economic conditions in the host or source country and negatively but weakly correlated with economic conditions in India.
Sayan and Tekin-Koru Using quarterly data from the 1980s, the authors find that remittance flows to Mexico from the United States are counter-cyclical to the business cycle in Mexico, whereas Turkish remittances are pro-cyclical and followed the business cycle in Turkey with a one-quarter lag. In essence, their empirical results indicate that remittances dampen the business cycles in Mexico whereas they amplify the cycles in Turkey. Therefore, it might not be surprising that Roache and Gradzka find weak correlation in the cyclical components of United States output and Latin America remittances given their implicit assumptions behind their econometric model. One of the main contributions of this paper is precisely in relaxing the orthogonality assumption. In the following section, I present the model that I use to extract the permanent and cyclical components in the remittance and output series.
The econometric model
The traditional unobserved components [hereafter UC] or -state space‖ model to decompose gross domestic product-or any other macroeconomic time series such as industrial production or remittances-into an independent nonstationary trend and stationary cyclical components is as follows:
y } is the log of observed series, { t } is the unobserved stochastic trend component, and {c t } is the unobserved stochastic cyclical component. The trend component is assumed to be a random walk with a drift while the transitory component is stationary. Clark [1987] proposed the above model to analyze output and industrial production in the United States. Further, Clark proposed t , t , and t to be independent -white noise‖ processes. In essence, Clark's assumption implies that innovations in the trend and cycle components are independent. This assumption is clearly not realistic and even Clark recognized this. However, Clark argued that this assumption was necessary to ensure that the UC model could be identified.
The above UC model can be estimated by using state space techniques to find the likelihood function of the sample y t , given 2 , 2 and 2 , and the AR coefficients in ) (L .
The optimal lag structure can be identified by estimating different lag specifications for the autoregressive polynomial, ) (L , and the specification with the optimal selection criterion (such as Akaike information criterion or Schwartz information criteria) is then selected.
8 If the error 8 As an example, it is widely accepted in the profession that for the United States the cyclical component follows an AR(2) [Clark 1987; Hamilton 1989; Morley, Nelson and Zivot 2003] and therefore, the state-space model is as follows: terms are assumed to be normally distributed, then parameters of the UC model can be estimated employing maximum likelihood techniques. For instance, parameter estimates in the above system can be obtained by starting with an initial guess for the state vector and its covariance matrix. Given the initial estimated parameters, the Kalman filter recursively generates the prediction and updating equations. Ultimately, the Kalman filter generates both unobserved components { t } and {c t }.
Clark found that at least half of the quarterly innovation in the United States output can be attributed to a stationary cyclical component that persists over periods of time as long as five years. This finding was inconsistent, at least to the evidence at the time, with the hypothesis that most of the apparent variation in United States economic activity can be attributed to a nonstationary trend component. Clark argued, in other words, employing the UC model assuming independent innovations, a substantial fraction of the short-run variation in output is due to a persistent business cycle, with less variation allocated to a stochastic trend that evolves fairly smoothly over time.
Prior to Clark's UC model, Beveridge and Nelson [1981] proposed a general procedure for the decomposition of a nonstationary time series into a permanent component and a transitory component allowing both to be stochastic.
9 Furthermore, the permanent component is shown to be a random walk with drift and the transitory or cyclical component is a stationary process with mean zero. The BN decomposition is as follows:
where the permanent component is defined by:
and the transitory component is defined as follows:
; where The time series needs to be non-stationary in levels but stationary in first-differences. In order to ensure this condition is satisfied, I conduct unit-root tests for both levels and first-difference and show that the time-series in this analysis comply with this requirement for the BN decomposition. 
Data
Mexico Analysis: The data used here for the Mexico analysis come from different sources in 1996] unit root test to accomplish this using the natural log of each of the series. 16 Results of the unit root tests using log-level data are provided in the top portion of Table 3 where I show that I fail to reject the null hypothesis that there exists a unit root for each of the eight time series. 17 This implies that each time series then follows a unit root process and therefore they are not stationary time series, in log-levels. 18 This is the desired condition, that the series are non-stationary in log-levels, so that the BN decomposition can be implemented.
I also conducted unit root tests for the log first-difference of each time series and I reject the null hypothesis at the 99% level for all time series except El Salvadorian and Germany's output series. For El Salvador and Germany's GDP series, the null hypothesis is barely rejected at the 10% level and rejected at the 5% level, respectively. This, in turn, implies that by just 15 See footnote 10. 16 In essence, I perform the Dickey-Fuller Test with GLS Detrending (DF-GLS) as proposed by Eliott, Rothenberg, and Stock [1996] with a constant and a linear time trend. 17 The eight series include remittances to Mexico, to El Salvador, and to Turkey; and GDP for Mexico, the United States, El Salvador, Germany and Turkey. 18 As a robustness check, I also performed the Augmented Dickey-Fuller (ADF) unit root test for all the eight time series and obtain the same results as with the DF-GLS unit root tests shown in Table 3 . The ADF results are available upon request.
differencing once, the eight time series on hand become stationary. Results for the log firstdifference unit root tests are also provided in Table 3 . Table 4 reports the optimal-lag regressions output for each time series.
Once I identify the optimal lag polynomials for both the auto-regressive and moving-average terms, I can now obtain the stationary cyclical component of each series employing the BN decomposition. In essence, the stationary cyclical components are obtained by computing Figure 2 illustrates the BN cyclical components for each series under their optimal lag structure.
Again, for comparison purposes with previous studies, I also estimate the permanent and cyclical components of each series using various band-pass filters and a polynomial fitting model. I use the HP filter (λ=1600) and the cyclical components are provided in Figure 3 .
Further, the cyclical components under the BK filter (k=14) are shown in Figure 4 . 22 Figure 5 shows the cyclical portion of the eight time series employing the CF asymmetric band-pass filter. 23 Last, I also estimated the cyclical component of the time series via a polynomial fitting model. In order to obtain the optimal power under the polynomial fitting model, I estimated all possible model specifications and chose the one with the lowest Schwartz Information Criteria.
19 I ran 169 model specifications for each of the eight time series. Results for these models are not presented here, but are available upon request. 20 I selected the model with lowest Schwartz Information Criterion given that this criterion is more restrictive than the Akaike Information Criterion. 21 I employ the James C. Morley GAUSS programs to obtain the BN cycle. 22 I use the fixed-length symmetric Baxter-King frequency filter with 14 lags as the maximum lag structure. For the cycle periods, I assume 6 to be the low bound and 32 the high bound. 23 I use the fixed-length symmetric Christiano-Fitzgerald frequency filter with 12 lags as the maximum lag structure. For the cycle periods, I assume 6 to be the low bound and 32 the high bound.
For the remittances to Mexico and remittances to El Salvador, I set the maximum polynomial term to be to the tenth power while for Mexico's GDP and El Salvador output series the maximum power employed was seven. For the United States GDP series the maximum power employed was eight. Regarding the analysis for Turkey, the optimal maximum polynomial power for remittances to Turkey, for Turkey GDP's and for Germany's GDP was the fifth power, sixth power and fourth power, respectively. The polynomial fitting model is an estimate of the trend component and therefore the residuals are the cyclical portion of the series. Figure 6 illustrates the cyclical components estimated under this methodology. Remittances are said to be pro-cyclical (counter-cyclical) with real output if the contemporaneous cross-correlation (cross-correlation at time t=0) between the two series is positive (negative) and statistically significant. Similar intuition holds for the asynchronous cross-correlation coefficient with the additional insight that asynchronous cross-correlation coefficients will allow us to examine possible phase-shift significant impacts of output on remittances.
Empirical results for Mexico
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Empirical results for the cross-correlation analysis for the Mexican case, under all methodologies, are reported in Figure 8 . 25 Given the negative and statistically significant 24 As a robustness check, I also computed the BN decomposition for each series assuming an ARIMA(2,1,2). For brevity reasons, I do not report both the regression and cross-correlation results. However, these are available upon request. In summary, the empirical results, under this model specification, indicate that there is no correlation between Mexico's output and remittances and that there is a negative correlation between United States GDP and remittances. Given that the BN lag structure employed here is not the optimal lag structure, it is not surprising that results are not aligned to those obtained under the optimal lag structure analysis. Therefore, it can be concluded that the BN methodology empirical results are sensitive to lag specification. correlation coefficient, with k=0 and k=-1, between the cyclical components of remittances and the United States output, we can conclude that remittances are counter-cyclical with output in the United States. This result contradicts the anticipated positive relationship between remittances and source country.
As reported in Figure 8 , there is a negative and statistically significant cross-correlation coefficient with k=2 between remittances and Mexico's output, we can interpret remittances being counter-cyclical with the Mexican economy. As described in Section 3, Mexican immigrants in the United States face two opposing forces (altruism vs. -self-interest‖ or investment) when deciding whether to remit money back home to family and relatives. Given that the cross-correlation coefficient is negative and significant at the 5 percent level, it can be concluded that the altruism motive dominates over the self-interest motive.
Given that most of the previous studies rely on either the HP or the BK band-pass filters to decompose remittances and output series when analyzing the pro-or counter-cyclicality of remittances, I also conducted such decompositions to compare results under these alternative methodologies to the UC state-space model (via BN decomposition). As stated above, such analysis typically provide inconclusive evidence or in some cases evidence that does not correspond to economic theory; for instance, remittances are counter-cyclical with host country and pro-cyclical with home country (remittances magnify fluctuations of business cycles at home) [see Table 2 ]. Under such band-pass filters, there is a strong and positive correlation between remittances to Mexico and United States economic fluctuations, as reported in Figure 8 .
These results are aligned with existing research that indicates that remittances are positively correlated to source country output fluctuations. However, as Cogley and Nason [1995] argue, the HP filter can generate business cycle dynamics even if none are present in the original data. The empirical results provided here, in particular under the BN methodology, indicate that remittances respond to output conditions in both the United States and Mexico in a quick fashion, the cross-correlation coefficients that are statistically significant fall under 1-and 2-quarter lag or lead. More importantly, I provide empirical evidence in this paper that once more advanced and current econometric techniques are employed to decipher the cyclical components of output series for both Mexico and the United States and remittances, remittances respond negatively to business conditions both in the United States and in Mexico. Contrary to previous studies, the empirical results presented here are more aligned with economic theory suggesting that remittances help buffer economic shocks at home; however, my empirical results with respect to source country are not aligned to the anticipated prediction by economic theory that is that remittances should be positively related to the business cycle in the source country.
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Empirical Results for El Salvador Figure 9 reports the empirical results for the cross-correlation analysis for El Salvador, under all methodologies.
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The BN cross-correlation functions indicate that remittances are procyclical, as anticipated, with the United States business cycle given that both the 26 See note 2, Murray makes a similar case for the BK band-pass filter. 27 This is the opposite result, perhaps by breaking the remittance time series into two potential structural breaks, the results will change. See later in this section for the structural break analysis. Another explanation might rely on the use of aggregate output. Vargas-Silva [2009] and Magnusson [2009] argue that output for the United States is not necessarily representative of income of Mexican migrants. They propose to use alternative time series such as data from the specific sectors such as construction and certain services industries. Their argument is that most Mexican migrants work in such sectors and therefore income fluctuations will be better captured by concentrating in these sectors. 28 See footnote 25. contemporaneous cross-correlation coefficient and the one with k=-1 are positive and significant at the 10% and 5%, respectively. With respect to El Salvadorian economy, remittances are
[weakly] counter-cyclical given that the cross-correlation coefficients with k=-1 and k=3 are negative but weakly significant, the p-values are 0.13 and 0.10. There are two potential explanations for such weak counter-cyclicality. First, perhaps these weak results under the BN are due to short sample span in the dataset. However, none of the other filters employed in the analysis find these types of empirical results as the ones provided by the BN methodology.
Secondly, as described in Section 3, migrants in the United States face, among many others, two main opposing forces when deciding whether to remit money back to El Salvador. The results I obtain here for El Salvador suggest that to some extent both motives offset each other; however, it appears that the altruism weakly dominates over the self-interest or investment motive given that remittances are weakly counter-cyclical with output fluctuations in El Salvador. respect to El Salvadorian economy, remittances seem to be pro-cyclical given that for lags 9-12, the correlation coefficient is positive and significant; however, remittances become negatively correlated with El Salvador GPD and significant after lag k=15.
Similar to the Mexican analysis, the BN methodology provides better and cleaner results than the rest of the other methodologies. Therefore, I show in this paper that the BN (or for that matter the unobserved components model or state-space model) provides better decomposition of the permanent and transitory components for each series. This, in turn, results in empirical results more aligned to those predicted by economic theory.
Turkey Empirical Analysis
The cross-correlation analysis for Turkey, under all methodologies, is presented in Figure   10 . 30 The BN cross-correlation functions indicate that remittances are pro-cyclical, as anticipated, with the Germany business cycle given that both the contemporaneous crosscorrelation coefficient and the asynchronous coefficient with k=1 are positive and significant at the 10% and 5%, respectively. On the other hand, remittances are counter-cyclical with respect to output fluctuations in Turkey given the negative and statistically significant (1% level) asynchronous cross-correlation coefficient with k=-1. However, this last empirical result has a few caveats. Both the cross-correlation coefficients with k=-2 and k=13 are positive and significant at the 5% and 1% level, respectively. Clearly, these opposing results indicate again that the altruism and self-interest motives are contemplated by Turkish migrants settled in Germany. 
Concluding remarks and future research
To conclude, remittances are increasingly becoming a more important source of income to many developing economies. Therefore, it is important to understand the dynamics behind remittances and whether remittances are pro-or counter-cyclical with output in both source and home countries. 
